Introduction {#Sec1}
============

There are greater than 1400 identified human pathogens. Of these, more than 60% are of zoonotic origin, infecting humans by means of an animal reservoir \[[@CR1]\]. These diseases include ubiquitous viruses like influenza, less common but deadly illnesses like rabies, and neglected parasites such as echinococcosis and cysticercosis. The subset of bacterial zoonoses is similarly varied, with common pathogens in industrialized settings (including *Salmonella* and *Bartonella henselae*, the agent of cat-scratch disease) existing alongside diseases of poverty in the tropics like melioidosis (*Burkholderia pseudomallei*) and leptospirosis.

In this chapter, we will review three key zoonotic bacterial diseases implicated as potential bioweapons. The use of disease as a weapon has long and inglorious history. As early as the fourth century BCE, Herodotus wrote of Scythian archers dipping their arrows into the decomposing cadavers of humans and snakes prior to firing them at their enemies. The intentional use of smallpox as a weapon of war against Native Americans was historically attested during the French and Indian War. Organized biowarfare programs, with full knowledge of Koch's postulates and the germ theory of disease, began on a small scale during the First World War but expanded dramatically during the interwar years and into the Second World War. The Japanese imperial government is known to have released pathogens directly over regions of China, while Nazi Germany performed human experimentation into biowarfare but did not appear to have utilized them in combat \[[@CR2]\].

Following the war, both the United States and Soviet Union had large-scale biowarfare programs until the signing in 1972 of the *Convention on the Prohibition of the Development, Production and Stockpiling of Bacteriological (Biological) and Toxin Weapons and on their Destruction* (or *BWC*). Despite the BWC, however, nations continued to conduct research into bioweapons, as demonstrated by the accidental 1979 release of *Bacillus anthracis* in the town of Sverdlovsk in Russia \[[@CR3]\]. In more recent years, non-state entities, such as rogue individuals, cults, and terrorist movements, have come to play a larger role in the use of bioterrorism, most notably the intentional mailing of *B. anthracis* spores in the United States in 2001 \[[@CR4]\].

Although the three diseases (anthrax, plague, and tularemia) under discussion are considered potential bioweapons, it is important to recognize that naturally occurring cases of these diseases are far more common than cases of bioterrorism. Indeed, only anthrax has been clearly used as a weapon of terror or war against human targets in modern times. (This is distinct from chemical weapons, which have been used many times in many settings.) Despite this, it is critical that all cases of these diseases be promptly reported to regional and national health authorities whenever they are suspected, in order to safeguard patients, clinical staff, bystanders, and public health.

Anthrax (*Bacillus anthracis*) {#Sec2}
==============================

is an aerobic,gram-positive, spore-forming bacterium which occurs naturally in the soil in many regions of the world. Most commonly a disease of herbivores infected through grazing in contaminated soil, anthrax may be transmitted to humans through exposure to infected animals by consumption, by inhalation of spores from wool or hides, by inoculation of the skin, or more recently by injection of contaminated drugs \[[@CR5]\]. Shortly after the September 2001 terrorist attacks in the United States, public fears were again stoked by 22 cases of anthrax due to spores being sent to public figures in the mail, with 5 resulting deaths \[[@CR6], [@CR7]\]. Endemic anthrax remains an important public health threat in developing countries as well as an occasional disease of veterinarians, farmers, and injection drug users in industrialized settings.

*B. anthracis* produces a trio of plasmid-encoded proteins, protective antigen, edema factor, and lethal factor, which cause its virulence and are potential targets for therapy. Protective factor binds to the other two proteins, creating two toxins (edema toxin and lethal toxin) that mediate tissue injury in humans \[[@CR8]\]. Edema toxin impairs intracellular water homeostasis, producing cellular edema. Lethal toxin stimulates high-level production of tumor necrosis factor-*α* and interleukin-1-*β*, leading to lysis of macrophages, release of additional mediators of inflammation, multisystem organ failure, and death \[[@CR9]\].

**Clinical manifestations of anthrax** The presenting syndromes of anthrax vary depending on the route of exposure. Cutaneous anthrax comprises up to 95% of cases, resulting from direct inoculation of *B. anthracis* spores through skin breaks or injection, followed by germination, soft tissue necrosis, and a black "coal-like" eschar which is painless. (This lesion is the source of anthrax's name, from the Greek word for "coal.") Frequently, a surrounding rim of edema may surround the eschar, which sloughs off within 3 weeks of onset \[[@CR10]\]. Fever, lymphangitis, and painful proximal lymphadenopathy typically accompany the lesion. Secondary hematogenous spread of the disease is common, with a mortality of 10--40% in untreated cases \[[@CR11]\] (Fig. [6.1](#Fig1){ref-type="fig"}).Fig. 6.1The lesion of cutaneous anthrax, with a black central necrotic lesion surrounded by a rim of edema. (Source: Public Health Information Library, Centers for Disease Control and Prevention. Accessed online on 11 March 2019 at <https://phil.cdc.gov/details_linked.aspx?pid=2033>)

Gastrointestinal and oropharyngeal anthrax are rare forms of anthrax, most reported in rural parts of the developing world (including sub-Saharan Africa, as well as Eastern, Southern, and Central Asia). Both occur after the ingestion of contaminated and undercooked meat. In oropharyngeal disease, mucosal edema and ulceration are followed by the development of pharyngeal pseudomembranes, with the potential for airway obstruction. Gastrointestinal anthrax is highly lethal, with necrosis developing throughout the entire gastrointestinal tract with resulting pain, fever, nausea, dysentery, visceral perforation, and sepsis. In the oropharyngeal form, pseudomembranes are seen in the oropharynx, and upper airway obstruction can develop. In the gastrointestinal form, a necrotizing infection progresses from the esophagus to the cecum. Fever, nausea, vomiting, abdominal pain, gastrointestinal bleeding, and bloody diarrhea are typical symptoms. Death results from intestinal perforation or sepsis \[[@CR12], [@CR13]\].

Inhalational anthrax is the most lethal form of the disease, resulting from the deposition of anthrax spores into the alveoli following inhalation. Following phagocytosis by pulmonary macrophages, *B. anthracis* is transported via lymphatics to the mediastinal lymph nodes. After a period of dormancy which may last between 10 and 60 days, the endospores germinate, release edema and lethal toxin, and produce a fulminant and often lethal illness. The typical clinical course of inhalational anthrax is biphasic, with an initial nonspecific syndrome including fever, dry cough, dyspnea, chest pain, and myalgia that may resemble a typical viral respiratory infection. After 2--3 days, severe illness follows, with hemorrhagic mediastinitis, respiratory failure, and shock \[[@CR14]\]. Mediastinal widening and large pleural effusions are common findings; airspace opacities on chest radiography are less frequent, although a hemorrhagic necrotizing pneumonitis has been noted on autopsy specimens \[[@CR15]\]. Clinically significant pericardial effusions and ascites occurred in 17% and 21% of victims in the Sverdlovsk outbreak, respectively, and may require drainage \[[@CR16]\]. Bacteremia is typical and leads to a secondary meningitis in half of cases on inhalational anthrax, requiring aggressive therapy \[[@CR16]\] (Fig. [6.2](#Fig2){ref-type="fig"}).Fig. 6.2Anteroposterior radiograph of the chest in a patient with inhalational anthrax, with a prominent superior mediastinum and possible small left pleural effusion. (Source: Jernigan JA et al. Emerg Infect Dis 2001;7:933--944)

The diagnosis of anthrax is complex and requires a high index of suspicion, given the infrequency of this disease in industrialized countries. Typical laboratory findings include a neutrophil-predominant leukocytosis (from normal ranges to 49,600 cells per μL), elevated liver transaminases, hyponatremia, and hypoxemia \[[@CR17], [@CR18]\]. Chest radiography demonstrates mediastinal widening and pleural effusions, with consolidation and infiltrates less frequent. Mediastinal widening in particular is strongly suggestive of anthrax in the appropriate clinical syndrome and mandates it consideration as a diagnosis \[[@CR18], [@CR19]\].

Close coordination with hospital microbiology laboratories, as well as public health laboratories, is critical for the diagnosis of anthrax. Large gram-positive rods in short chains that are positive on India ink staining are presumptive of *B. anthracis* until confirmatory tests are obtained. Special culture methods are generally not necessary, as *B. anthracis* grows readily from clinical specimens on conventional media. Routine Biosafety Level 2 conditions and biosafety cabinets are adequate for staff safety. In general, most hospital laboratories will not fully characterize a suspected anthrax specimen; confirmatory testing will be performed by public health laboratories via the Centers for Disease Control and Prevention (CDC) Laboratory Response Network in the United States, Public Health England or Health Protection Scotland in the United Kingdom, or comparable national agencies. In the United States, advanced anthrax diagnostics are available through the CDC, the US Army Medical Research Institute for Infectious Diseases (USAMRIID), and the Naval Medical Research Center (NMRC), including serologic testing, immunohistochemistry, and polymerase chain reaction (PCR) \[[@CR20]\]. Recommended clinical specimens for analysis will vary by presenting syndrome and include blood culture, serum for antibody testing, plasma for direct detection of lethal factor, serosal fluid, cerebrospinal fluid, and tissue from biopsy of cutaneous eschars. A complete guide by syndrome is available from the CDC website at <https://www.cdc.gov/anthrax/specificgroups/lab-professionals/recommended-specimen.html>.

The treatment of anthrax also varies based on clinical syndrome and is divided into meningeal and non-meningeal disease for purposes of antimicrobial therapy. Given the increased severity and intensity of therapy for anthrax meningitis, it is recommended that patients receive either confirmation of the diagnosis via early lumbar puncture or empiric therapy directed against meningitis \[[@CR21]\]. It is important to recognize that mortality for inhalational anthrax, with or without meningitis, carries an exceptionally high mortality even with appropriate therapy. Despite this, general critical care principles of respiratory, hemodynamic, and other organ system-based support still apply.

The empiric antimicrobial management of anthrax includes an intravenous fluoroquinolone ( ciprofloxacin, levofloxacin, or moxifloxacin) with a carbapenem ( meropenem or imipenem) and either a protein synthesis inhibitor or rifampin. Either clindamycin or linezolid is acceptable as a protein synthesis inhibitor; rifampin indirectly blocks protein synthesis through the inhibition of RNA polymerase (and thus messenger RNA synthesis) and appears to have comparable efficacy. Non-meningeal disease may be treated with either a fluoroquinolone or a carbapenem in combination with a protein synthesis inhibitor. Once antimicrobial susceptibility has been determined, intravenous penicillin G or ampicillin may be used in lieu of a carbapenem for susceptible isolates (see Tables [6.1](#Tab1){ref-type="table"} and [6.2](#Tab2){ref-type="table"}).Table 6.1Intravenous therapy for anthrax with meningitis or if meningitis has not yet been excluded**Bactericidal agent (fluoroquinolone)** **Ciprofloxacin, 400 mg every 8 h**  OR Levofloxacin, 750 mg every 24 h  OR Moxifloxacin, 400 mg every 24 h**PLUSBactericidal agent (β-lactam)**For all strains, regardless of penicillin susceptibility or if susceptibility is unknown **Meropenem, 2 g every 8 h**  OR Imipenem, 1 g every 6 h^a^Alternatives for penicillin-susceptible strains only Penicillin G, 4 million units every 4 h  OR Ampicillin, 3 g every 6 h**PLUSProtein synthesis inhibitor** Linezolid, 600 mg every 12 h^b^  OR **Clindamycin, 900 mg every 8 h**  OR Rifampin, 600 mg every 12 h^c^  OR Chloramphenicol, 1 g every 6--8 h^d^Duration of treatment: ≥2--3 weeks until clinical criteria for stability are met. Patients exposed to aerosolized spores will require prophylaxis to complete an antimicrobial drug course of 60 days from onset of illness. Preferred drugs are indicated in boldface^a^Increased risk for seizures associated with imipenem/cilastatin treatment^b^Linezolid should be used with caution in patients with thrombocytopenia. Linezolid use for \>14 days has additional hematopoietic toxicity^c^Rifampin is not a protein synthesis inhibitor. However, it may be used in combination with other antimicrobial drugs on the basis of its in vitro synergy^d^Should only be used if other options are not available because of toxicity concernsRecommendations derived from Hendricks et al. \[[@CR20]\] Table 6.2Intravenous therapy for anthrax when meningitis has been excluded**Bactericidal drug**For all strains, regardless of penicillin susceptibility or if susceptibility is unknown **Ciprofloxacin, 400 mg every 8 h**  OR Levofloxacin, 750 mg every 24 h  OR Moxifloxacin, 400 mg every 24 h  OR Meropenem, 2 g every 8 h  OR Imipenem, 1 g every 6 h^a^  OR Vancomycin, 60 mg/kg/d intravenous divided every 8 h (maintain serum trough concentrations of 15--20 μg/mL)Alternatives for penicillin-susceptible strains Penicillin G, 4 million units every 4 h  OR Ampicillin, 3 g every 6 h**PLUSProtein synthesis inhibitor** **Clindamycin, 900 mg every 8 h**  OR **Linezolid, 600 mg every 12 h** ^b^  OR Doxycycline, 200 mg initially, then 100 mg every 12 h^c^  OR Rifampin, 600 mg every 12 h^d^Duration of treatment: for 2 weeks until clinical criteria for stability are met. Patients exposed to aerosolized spores will require prophylaxis to complete an antimicrobial drug course of 60 days from onset of illness. Preferred drugs are indicated in boldface^a^Increased risk for seizures associated with imipenem/cilastatin treatment^b^Linezolid should be used with caution in patients with thrombocytopenia because it might exacerbate it. Linezolid use for \>14 days has additional hematopoietic toxicity^c^A single 10--14-day course of doxycycline is not routinely associated with tooth staining^d^Rifampin is not a protein synthesis inhibitor. However, it may be used in combination with other antimicrobials drugs on the basis of its in vitro synergyRecommendations derived from Hendricks et al \[[@CR20]\]

Given the high risk of maternal and fetal death in anthrax infections, pregnant women should receive the same therapy as non-pregnant adults \[[@CR22]\]. Uncomplicated cutaneous anthrax can be treated with oral ciprofloxacin or doxycycline for 7--10 days. Since concomitant inhalational exposure is difficult to exclude, however, an extended course of 60 days of therapy is usually preferred \[[@CR23], [@CR24]\].

In addition to antimicrobial drug therapy, routine intensive care support measures should be provided to critically ill patients with anthrax. Peritoneal effusions and ascites may serve as reservoirs for lethal toxin \[[@CR25]\], and serosal drainage has been associated with survival in retrospective cases \[[@CR18], [@CR26]\]. Hemodynamic support with vasopressors may be provided as per standard practice for patients in shock; although there is limited data on the use of adjunctive corticosteroids, it is interesting to note that lethal toxin appears to repress the glucocorticoid receptor \[[@CR27]\], and corticosteroids may have utility in the treatment of anthrax-associated airway edema in addition to vasopressor-resistant shock \[[@CR20]\].

In combination with antibiotics and (if indicated) corticosteroids, immunotherapy is available to be given in combination with antibacterial therapy. Raxibacumab and obiltoxaximab are two distinct monoclonal antibodies directed against protective antigen \[[@CR28]--[@CR31]\]. Anthrax immunoglobulin intravenous (AIGIV) is a purified polyclonal preparation of anti-anthrax immunoglobulin derived from vaccinated donors \[[@CR32]\]. All three are either approved or have orphan drug status in the United States and the European Union, but none are commercially available and must be obtained from the CDC's Strategic National Stockpile. In the absence of comparative human trials, all three are reasonable options to be administered to suspected or confirmed anthrax victims.

**Prophylaxis for patients exposed to anthrax** should include either oral ciprofloxacin (500 mg twice daily), levofloxacin (750 mg daily), or doxycycline (100 mg twice daily) for 60 days, regardless of laboratory test results. Nasal swab testing (by culture or PCR) can confirm exposure to anthrax in large groupings, but a negative swab does not exclude exposure in an individual. Persons exposed to penicillin-susceptible strains may receive prophylaxis with high-dose oral penicillin or amoxicillin in limited circumstances, but fluoroquinolones or doxycycline is preferred \[[@CR20]\].

The anthrax vaccine ( AVA-Biothrax, BioPort Corporation, Lansing, Michigan, USA) is the only licensed human anthrax vaccine in the United States and has received licensure in Italy, Germany, the United Kingdom, France, the Netherlands, Poland, and Singapore as of 2018. The vaccine is derived from supernatant material from cultures of a toxigenic, nonencapsulated strain of *B. anthracis*. Approximately 95% of individuals seroconvert after the third dose of vaccine; the US military currently uses a six-dose series. Headache and other systemic symptoms have been reported in 1% (101/10,722) of US military recipients, with injection site reactions in 3.6% \[[@CR24]\].

Plague (*Yersinia pestis*) {#Sec3}
==========================

Plague is caused by , a gram-negative bacillus and a relative of common pathogens including *Escherichia coli* and *Klebsiella*. *Y. pestis* is most often transmitted to humans from a rodent or rabbit reservoir via flea vectors, principally the species *Xenopsylla cheopis* worldwide \[[@CR33]\] and *Oropsylla montana* in North America \[[@CR34]\]. Other potential routes of transmission include direct contact with infected body fluids and the inhalation of infected respiratory droplets \[[@CR35], [@CR36]\]. Similar to other gram-negative infections, the lipopolysaccharide (LPS) endotoxin associated with its outer cell membrane is a major drive of virulence, implicated in the systemic inflammatory response, acute respiratory distress syndrome, and multiorgan failure associated with fatal plague \[[@CR37], [@CR38]\].

Other than malaria and possibly the modern human immunodeficiency virus (HIV) epidemic, few infections have had as profound effect on human history as plague. The " Justinian Plague" of the sixth century CE took the lives of an estimated 100 million people, including a Roman emperor; the better-known " Black Death" of the fourteenth century CE was responsible for over 40 million deaths, or a third of the population of Europe. In modern times, outbreaks of plague have struck China in the late nineteenth century and Vietnam during the 1960s \[[@CR39]\]. Contemporary plague remains endemic in sub-Saharan Africa and Madagascar, where over 90% of current cases occur. In Madagascar alone, there were over 13,000 suspected cases between 1998 and 2016 \[[@CR40]\], with a new outbreak in 2017 leading to 2400 additional cases and over 200 deaths \[[@CR41]\].

Like anthrax, the CDC classifies plague as a Category A threat agent and potential bioweapon. An aerosolized release of 50 kg of *Yersinia pestis* over a population of five million people is estimated to be capable of causing 150,000 infections and 36,000 deaths \[[@CR42]\]. Intentional dispersion of *Yersinia pestis* as an aerosol will lead to outbreaks of pneumonic plague, while the release of infected fleas will typically result in bubonic or septicemic plague outbreaks \[[@CR36], [@CR42], [@CR43]\]. Historically, plague was described as a bioweapon in 1346 when the Tartars besieging the city of Kaffa catapulted the corpses of plague victims in the city. Plague has been used as a bioweapon by the military forces of Russia against Sweden and of Japan against China. The biowarfare program of the United States had plague in its arsenal before the destruction of the US biological weapon stockpile in the early 1970s.

The clinical manifestations of plague vary depending on the route of exposure. Similar to anthrax, plague exists in a primarily cutaneous and lymphatic form, *bubonic plague*, and a respiratory form, . Both modes of plague can be complicated by a third systemic form, . The incubation period and clinical manifestations vary according to mode of transmission. Eighty-five percent of plague cases diagnosed in the United States are bubonic, 10--12% are primary septicemic, and roughly 3% are primary pneumonic plague \[[@CR43]\]. Bubonic plague may progress to septicemic or pneumonic plague in 23% and 9% of cases, respectively. Data on plague in pregnancy is limited \[[@CR36], [@CR44]--[@CR47]\]. Less common forms of plague, such as pharyngeal plague and plague meningitis, occur less frequently.

Bubonic plague is the most common form of naturally occurring plague. After entering the body through a fleabite, bacteria migrate via cutaneous lymphatics to the regional lymph nodes. After evading host defenses, *Y. pestis* replicates within lymph nodes, with the resulting lymphadenitis producing the signature lesion known as the "bubo." Most buboes develop in the groin, axilla, or neck. These enlarged lymph nodes are necrotic and contain dense concentrations of bacteria \[[@CR48], [@CR49]\]. Endotoxin and other virulence factors subsequently contribute to disease progression, bacteremia, sepsis, and often death \[[@CR35]--[@CR37], [@CR50]--[@CR54]\]. Patients with suspected bubonic plague should be managed with strict contact precautions, including the use of gowns, gloves, and surgical masks by clinical staff (Fig [6.3](#Fig3){ref-type="fig"}).Fig. 6.3A cervical bubo in a patient in Madagascar with bubonic plague. (Source: Prentice MB, Rahalison L. Lancet 2007; 369:1196--1207)

Plague is highly contagious by the airborne route. Inhalation of aerosolized droplets of *Y. pestis* from an infected host, including particles from a draining bubo, results in primary **,** a rapidly progressive pneumonia with sepsis that is rapidly fatal without prompt treatment. Secondary pneumonic plague may occur in up to 12% of individuals with bubonic or primary septicemic plague following the hematogenous spread of *Y. pestis* to the lungs. After 1--6 days of incubation, there is a rapid onset of fever, dyspnea, chest pain, and a productive cough. Acute hypoxemic respiratory failure is common and often requires mechanical ventilation. Bilateral alveolar opacities, pleural effusions, and occasional cavitation are common features on chest radiography. Secondary pneumonic plague may have a nodular, miliary appearance associated with hematogenous spread. Hilar node enlargement is often present \[[@CR55]\].

Because of the high risk of transmission, the strict use of droplet precautions by clinical staff is mandatory, in addition to gowns and glove use, until effective antimicrobial therapy has been received by the patient for at least 48 hours. Chemoprophylaxis should be given to potentially exposed personnel. Although N95 respirators are not strictly necessary for protection against plague, other high-consequence pathogens presenting with fulminant respiratory disease do require such protection. Given the rarity of plague in most settings, strong consideration for N95 respirator use should be made in the initial phases of evaluation of suspected plague \[[@CR56]--[@CR58]\]. The untreated mortality rate of primary pneumonic plague is 100% \[[@CR59]\] (Fig. [6.4](#Fig4){ref-type="fig"}).Fig. 6.4Posteroanterior chest radiographs of patients with pneumonic plague (Source: Lin YF et al., BMC Infect Dis 2016;16:85)

Primary **septicemic plague** results from the direct inoculation of *Y. pestis* bacilli into the bloodstream, presenting as a febrile sepsis syndrome similar to other gram-negative bacteremias with delirium, hypotension, and nausea. Secondary septicemic plague occurs as a result of progression of either bubonic or pneumonic infections with resulting bacteremia. Meningitis infrequently occurs after hematogenous spread \[[@CR35], [@CR36]\]. Abdominal pain, hepatosplenomegaly, disseminated intravascular coagulation, digital gangrene, and purpura fulminans are common features. Similar to pneumonic plague, untreated mortality rate of septicemic plague is 100%, with a high mortality even with rapid critical care intervention \[[@CR36], [@CR40], [@CR60], [@CR61]\].

The **laboratory diagnosis of plague** is based on general hematologic and chemical parameters, culture, serology, and molecular assays. A leukocytosis with neutrophilic predominance and band forms is typical, with coagulopathy, increased levels of liver transaminases, and elevated creatinine occurring in more severe illness. Gram stains of lymph node aspirates, sputum, or blood may demonstrate gram-negative bacilli with bipolar staining, similar to other *Enterobacteriaceae*. Cultures may be positive for *Y. pestis* within 24--48 hours. Although some automated bacterial identification systems may misidentify *Y. pestis*, newer mass spectrometry systems based on matrix-assisted laser desorption/ionization time of flight (MALDI-TOF) can identify *Y. pestis* rapidly and reliably following culture growth \[[@CR62]\]. Additional tests for detection and confirmation include detection of the *Y. pestis* F1 antigen, IgM immunoassays, PCR, and immunohistochemistry on formalin-fixed tissues \[[@CR63]\]; these tests are most often available at regional and national reference laboratories, such as the CDC and Laboratory Response Network in the United States or the Emerging and Vector-borne Diseases Programme in the European Union.

Plague should be suspected in persons with fever and lymphadenopathy if they reside in, or have recently traveled to, a plague-endemic area and if bipolar-staining, gram-negative bacilli are seen in affected tissues. The diagnosis of plague should be presumed if immunofluorescence staining of smear or material is positive for the presence of *Y. pestis* F1 antigen or if a single serum specimen shows levels of antibody to the F1 antigen at a titer of 1:10 or greater. Confirmation of plague may be based on a single anti-F1 antibody titer of more than 1:128 dilution or a fourfold rise in paired anti-F1 antibody titers \[[@CR64]\]. Multiple cases of pneumonic plague in a non-endemic area should raise concern for bioterrorism. Treatment of suspected plague should not be delayed while awaiting diagnostic confirmation, although pre-antibiotic cultures and specimens should be obtained as best possible.

The recommended antimicrobial drugs for the **treatment of plague** are streptomycin or, more commonly, gentamicin. Current US recommendations are listed on Table [6.2](#Tab2){ref-type="table"}. Doxycycline has shown efficacy comparable to gentamicin in a small randomized trial in patients with principally bubonic plague \[[@CR65]\]. Fluoroquinolones and chloramphenicol are alternative agents with acceptable efficacy \[[@CR66]--[@CR69]\]. Methylprednisolone and imipenem have shown evidence of efficacy in murine models of plague but lack supporting human data at this time \[[@CR70], [@CR71]\]. Treatment should last for 10--14 days. Oral therapy may be initiated once a patient demonstrates clinical stabilization and improvement.

The intentional release of plague, with exposure of large numbers of patients through a presumably respiratory route, may require alternative approaches to therapy. Symptomatic patients should ideally receive treatment with a parenteral aminoglycoside as described above, but oral ciprofloxacin (taken as 500 mg twice daily) and doxycycline (100 mg twice daily) are appropriate options for treatment and for post-exposure prophylaxis, including for persons who come within 2 meters of an infected patient with pneumonic plague \[[@CR72]\].

In addition to appropriate post-exposure prophylaxis, the prevention of plague relies on careful infection prevention practices. There is presently no commercially available vaccine against plague. Patients suspected of plague should be placed immediately into droplet precautions, with access to the patient room restricted to essential staff. Gowns, gloves, surgical masks, and eye protection should be worn by all staff. Aerosolizing procedures should be kept to an absolute minimum and avoided if possible. As noted before, negative pressure isolation with N95 masks is not necessary for plague, although infections that may present similarly to pneumonic plague (e.g., severe coronavirus infections such as SARS or MERS) may require negative pressure rooms or PAPRs, thus requiring a higher level of protection while diagnostic testing is underway. Following 48 hours of therapy with appropriate antibiotics and with clear clinical improvement, patients with both nonpneumonic plague and pneumonic plague may be removed from isolation \[[@CR73]\] (Table [6.3](#Tab3){ref-type="table"}).

Tularemia (*Francisella tularensis*) {#Sec4}
====================================

Tularemia is caused by , an intracellular, aerobic gram-negative coccobacillus. Similar to plague, it has a natural small-mammal reservoir of rabbits and rodents. Also similar to plague and anthrax, tularemia occurs in a primarily respiratory form (pneumonic tularemia) and in a primarily cutaneous and lymphatic form (ulceroglandular tularemia). The United States and the former Soviet Union developed biological weapons that could disperse *F. tularensis* in the mid-twentieth century \[[@CR42]\], and there remains a concern that *F. tularensis* could be used as an agent of bioterrorism.

*F. tularensis* can survive in soil, water, and animal carcasses for many weeks. Chlorination of water prevents its spread through water contamination. As few as ten organisms may be sufficient to cause human disease \[[@CR74]\]. Human transmission most often results from tick and flea bites, animal handling, ingestion of contaminated food and water, and inhalation of aerosols. Unlike plague, there is no direct human-to-human transmission. Deliberate aerosolized dispersion of *F. tularensis* is hypothesized to cause large-scale outbreaks of severe respiratory disease \[[@CR9], [@CR75]\].

Tularemia is endemic throughout the northern hemisphere. Approximately 80--150 cases per year occur in the United States, with the highest incidence in south-central and western states. The predominant mode of transmission to humans in the United States is by tick bites, most often in spring and summer, with hunting and similar outdoor activities associated with an increased risk of exposure \[[@CR76]\]. In Europe, the incidence of tularemia is considerably higher, with over 1000 cases per year in Hungary and the Czech Republic and over 4000 cases per year in Sweden and Finland. Mosquito-borne transmission or consumption of contaminated water predominates as a mode of exposure in parts of Europe, although these vary by country \[[@CR77]\].

*F. tularensis* infected humans via the conjunctiva, respiratory tract, gut, or breaks in the skin. Organisms are taken up by and replicate within macrophages, leading to apoptosis of the macrophage and release into local lymph nodes as well as bacteremia \[[@CR74]\]. This bacteremia leads to secondary seeding of the lungs, pleura, spleen, liver, and kidney. Pathologic examination of infected tissue may show granulomatous inflammation with necrosis. Following inhalational exposure, hemorrhagic airway inflammation may progress to pneumonia, pleuritis, and pleural effusion. Human immunity is principally cell-mediated, with antibody responses playing a role in diagnosis but having an uncertain contribution to host defense.

The clinical manifestations of tularemia depend on the site of entry, exposure dose, and host immune factors. Based on the site of initial infection and presenting syndrome, tularemia may be described as primary pneumonic, typhoidal, ulceroglandular, oculoglandular, oropharyngeal, or septic. Ulceroglandular tularemia is the most common form of the infection, typically following with a week of a vector bite or animal contact. A majority of patients present with fever (85%), with chills (52%), headache (45%), cough (38%), and myalgias (31%) occurring in many. Other nonspecific constitutional symptoms occur with variable frequency, such as chest and abdominal pain, nausea, vomiting, and diarrhea. The hallmark lesion is a tender papule at the site of initial inoculation which subsequently ulcerates, with painful enlarged lymphadenopathy proximal to the ulcer. This lesion may clinically resemble a plague bubo, and plague must be considered in the differential diagnosis. A purely "glandular" form, with lymphadenopathy but no visible ulcer, can occur as well. In cases of ingestion of contaminated material, an exudative pharyngitis and tonsillitis may develop, with subsequent pharyngeal ulceration and cervical lymphadenopathy. Inoculation of the eye will lead to oculoglandular tularemia, also with accompanying cervical lymphadenopathy. Cases of systemic tularemia without clinically apparent lymphadenopathy are known as typhoidal tularemia. Fever, diarrhea, shock, and meningeal signs are typical (Figs. [6.5](#Fig5){ref-type="fig"} and [6.6](#Fig6){ref-type="fig"}).Fig. 6.5Cutaneous ulcer due to ulceroglandular tularemia. (Source: Public Health Information Library, Centers for Disease Control and Prevention. Accessed online on 11 March 2019 at [[https://phil.cdc.gov/Details.aspx?pid=1344]{.ul}](https://phil.cdc.gov/Details.aspx?pid=1344)) Fig. 6.6Typical clinical presentation of oculoglandular tularemia with ocular congestion and preauricular and cervical lymphadenitis. (Source: Ulu-Kilic A, Doganay M, Travel Med Infect Dis 2014; 12:609--616)

results from the inhalation of aerosolized organisms or from hematogenous spread from other sites of infection. Following the inhalation of the organism, patients may suffer initially from nonspecific fever and chills, followed by a dry or minimally productive cough, pleurisy, dyspnea, and subsequently hemoptysis. Respiratory symptoms were absent in nearly half of patients in a recent series from Finland, however \[[@CR78]\]. Pleural effusions are common and may be unilateral or bilateral. Pneumonic tularemia can progress rapidly to acute hypoxemic respiratory failure, disseminated intravascular coagulation, rhabdomyolysis, and eventually multiorgan failure \[[@CR9], [@CR74]\]. Virtually any organ may be involved in severe tularemia, including peritonitis, pericarditis, appendicitis, osteomyelitis, and meningitis, although such presentations are less frequent than the more "classic" forms. The mortality rate of untreated pneumonic tularemia is 60%, but rapid institution of antimicrobial therapy reduces the morality rate to 2.5% or less \[[@CR74], [@CR79]\].Table 6.3Antimicrobial therapy guidelines for the treatment of plagueAntibioticDoseRoute of administrationNotesAdultsStreptomycin1 g twice dailyIMNot widely available in the United StatesGentamicin5 mg/kg once daily, or 2 mg/kg loading dose followed by 1.7 mg/kg every 8 hoursIM or IVNot FDA approved but considered an effective alternative to streptomycin^1^ Due to poor abscess penetration, consider alternative or dual therapy for patients with bubonic diseaseLevofloxacin500 mg once dailyIV or POBactericidal. FDA approved based on animal studies but limited clinical experience treating human plague. A higher dose (750 mg) may be used if clinically indicatedCiprofloxacin400 mg every 8--12 hoursIVBactericidal. FDA approved based on animal studies but limited clinical experience treating human plague500--750 mg twice dailyPODoxycycline100 mg twice daily or 200 mg once dailyIV or POBacteriostatic but effective in a randomized trial when compared to gentamicin^2^Moxifloxacin400 mg once dailyIV or POChloramphenicol25 mg/kg every 6 hoursIVNot widely available in the United StatesChildren^3^Streptomycin15 mg/kg twice daily (maximum 2 g/day)IMNot widely available in the United StatesGentamicin2.5 mg/kg/dose every 8 hoursIM or IVNot FDA approved but considered an effective alternative to streptomycin.^1^ Due to poor abscess penetration, consider alternative or dual therapy for patients with bubonic diseaseLevofloxacin10 mg/kg/dose (maximum 500 mg/dose)IV or POBactericidal. FDA approved based on animal studies but limited clinical experience treating human plague\>Ciprofloxacin15 mg/kg/dose every 12 hours (maximum 400 mg/dose)IVBactericidal. FDA approved based on animal studies but limited clinical experience treating human plague20 mg/kg/dose every 12 hours (maximum 500 mg/dose)PODoxycyclineWeight \<45 kg: 2.2 mg/kg twice daily (maximum 100 mg/dose) Weight ≥45 kg: same as adult doseIV or POBacteriostatic, but FDA approved and effective in a randomized trial when compared to gentamicin.^2^ No tooth staining after multiple short courses^4^Chloramphenicol (for children \>2 years)25 mg/kg every 6 h (maximum daily dose, 4 g)IVNot widely available in the United StatesPregnant women^3^GentamicinSame as adult doseIM or IVSee notes aboveDoxycyclineSame as adult doseIVSee notes aboveCiprofloxacinSame as adult doseIVSee notes above*IV* intravenous; *IM* intramuscular; *PO* by mouth^1^Boulanger et al. \[[@CR88]\]^2^Mwengee et al. \[[@CR65]\]^3^All recommended antibiotics for plague have relative contraindications for use in children and pregnant women; however, use is justified in life-threatening situations^4^Todd et al. \[[@CR87]\]Source: Centers for Disease Control and Prevention. Accessed online on 11 March 2019 at <https://www.cdc.gov/plague/healthcare/clinicians.html>

The diagnosis of tularemia is often delayed due to its nonspecific presenting signs and symptoms, in the case of pneumonic and typhoidal disease, and may be confounded by clinical similarity to plague or anthrax in the case of ulceroglandular disease. Delayed or absent response to routine treatment for skin ulcers or community-acquired pneumonia may serve as diagnostic clues, as may be a history of animal, arthropod, or outdoor freshwater exposure. Routine laboratory tests usually lack distinguishing features and may include a mild lymphocytosis, elevated liver transaminases, and markers of rhabdomyolysis such as elevated serum creatine kinase concentration and urine myoglobin \[[@CR74], [@CR79]\].

Chest radiographs most often show unilateral or bilateral airspace opacities, with hilar adenopathy and pleural effusion in approximately 30% each. Cavitation occurs in approximately 15% of cases \[[@CR80]\]. Chest radiographs may be normal in 7% of patients, although computed tomography reveals thoracic pathology in the great majority \[[@CR78]\].

Although *F. tularensis* may be cultivated from blood, tissue, or sputum in the clinical microbiology laboratory, it requires specialized media (usually cysteine-enriched) to grow. Special precautions must be taken for the protection of laboratory staff, similar to plague and anthrax; like the other pathogens of interest, clinicians must notify the microbiology laboratory in the event of a suspected case. Routine microbiology procedures can be performed in Biosafety Level 2 conditions with a biological safety cabinet, but aerosolizing procedures must occur under Biosafety Level 3 conditions \[[@CR79]\].

Serologic diagnosis may be utilized given the challenges involved in culturing *Francisella*. Serum testing by enzyme-linked immunosorbent assay (ELISA) may be negative early in illness but typically produces a fourfold rise in titer over the course of the disease; a single anti-*F. tularensis* IgG titer of 1:160 is sufficient to support the diagnosis, however \[[@CR81]\]. As the ELISA detects antibodies against the bacterial endotoxin, false-positive tests may arise in cases of infections with bacteria that have structurally similar endotoxin, including *Brucella*, *Proteus*, and *Yersinia* species. Confirmatory testing with Western blot, immunofluorescence, or microagglutination titer testing will improve the specificity of ELISA testing \[[@CR81]--[@CR83]\]. Antigen detection methods, such as direct fluorescent antibodies or immunochemical stains, may be performed on tissue specimens, along with PCR-based testing which may be valuable in outbreak settings \[[@CR84], [@CR85]\].

The standard treatment for tularemia in adults is streptomycin, 10--15 mg per kg, given intramuscularly (IM) or intravenously (IV) twice daily, but gentamicin, 5 mg per kg, given IM or IV once daily, is equivalent in efficacy and is the standard therapy nowadays. Milder cases of ulceroglandular disease may be treated with doxycycline (IV or oral). Fluoroquinolones or chloramphenicol may be given in selected cases when available; beta-lactams and macrolides are not recommended. Treatment with streptomycin, gentamicin, or ciprofloxacin should be continued for 10 days. Treatment with doxycycline or chloramphenicol should be continued for 14--21 days. Patients beginning treatment with doxycycline, chloramphenicol, or ciprofloxacin can be switched to oral antibiotics when clinically improving and tolerating oral medications. Complete medication recommendations may be seen on Table [6.4](#Tab4){ref-type="table"}.Table 6.4Recommended antimicrobial drugs for the treatment of tularemiaPreferred choicesAlternative choicesChoices for mass casualty settings or post-exposure prophylaxisAdultsStreptomycin 1 g IM twice daily × 10 daysDoxycycline 100 mg IV twice daily × 14--21 daysDoxycycline 100 mg orally twice daily × 14 daysGentamicin 5 mg/kg IM or IV once daily × 10 daysChloramphenicol 15 mg/kg IV 4 times daily × 14--21 daysCiprofloxacin 400 mg IV twice daily × 14--21 daysCiprofloxacin 500 mg orally twice daily × 14 daysChildrenStreptomycin 15 mg/kg IM twice daily × 10 daysDoxycycline × 14--21 days: 100 mg IV twice daily if = or \>45 kg 2.2 mg/kg IV twice daily if \<45 kgDoxycycline × 14 days 100 mg orally twice daily if = or \>45 kg Give 2.2 mg/kg orally twice daily if \<45 kgGentamicin 2.5 mg/kg IM or IV three times daily × 10 daysChloramphenicol 15 mg/kg IV 4 times daily × 14--21 daysCiprofloxacin 15 mg/kg mg IV twice daily × 10 daysCiprofloxacin 15 mg/kg mg orally twice daily × 14 daysPregnant womenStreptomycin 1 g IM twice daily × 10 daysDoxycycline 100 mg IV twice daily × 14--21 daysCiprofloxacin 500 mg orally twice daily × 14 daysGentamicin 5 mg/kg IM or IV once daily × 10 daysCiprofloxacin 400 mg IV twice daily × 10 daysDoxycycline 100 mg orally twice daily × 14 daysAdapted from Dennis et al. \[[@CR36]\]

Chemoprophylactic regimens for the prevention of tularemia are similar to those used for plague. Individuals exposed to *F. tularensis* may be protected against systemic infection if they receive prophylactic antibiotics during the incubation period. For post-exposure prophylaxis, either doxycycline or ciprofloxacin, taken orally twice daily for 14 days, is a recommended regimen. Ciprofloxacin is generally preferred over doxycycline in pregnancy, but either are acceptable given the risk of serious disease and the low risk of skeletal abnormalities in the fetus with such relatively brief tetracycline exposure \[[@CR79]\].

A live attenuated vaccine, first developed in Russia, is not generally available but has been given in the United States by the US Army Medical Research Institute of Infectious Diseases (USAMRIID) as an investigational new drug. The vaccine is administered via scarification, similar to smallpox vaccines. Due to dwindling stocks of the original vaccine strain, a newer attenuated strain was tested in a recent phase 2 trial, with the novel vaccine showing high rates of seroconversion among recipients \[[@CR86]\].
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